Introduction
The high-pressure polymorphism of the univalent Perchlorates was first studied by BRIDGMAN 1 to 50 kbar and 100 °C. There have been recent studies of the complete phase diagrams to 40 kbar of NaBF4, NaC104 2 , KBF4, KCIO4 3 , RbBF4, RbC104 4 , CsBF4, CsC104 5 , NH4BF4, NH4C104 6 , T1BF4 and T1C104 7 , and some partial results on AgBF4 and AgC104 8 . The polymorphic behaviour at 25 °C is consistent throughout the series, and appears to be a function mainly of the cation. As is the case for the alkali halides, increasing cationic radius simulates increased pressure. AgC104 and the sodium salts have the anhydrite structure at ambient pressure, and transform to probably the barite structure at elevated pressure, with a brief intervening phase field of probably the AgMn04 structure, at least in the case of NaC104. AgBF4 and the potassium salts have the barite structure and no further phase transformations to 40 kbar. The rubidium salts (initially with the barite structure) transform near 20 kbar to a denser unknown structure. The thallium salts behave similarly, but with a transition pressure near 5 kbar, and the cesium salts undergo a similar transition near 1 kbar. The transition pressures are slightly lower for the Perchlorates than for the corresponding tetrafluoroborates. The crystallography of the dense unknown structure type is of obvious interest, particularly in view of the probability that it is the same for all the above substances.
The cesium salts have the lowest transition pressures. Furthermore, the barite type/dense form transition lines have positive slopes in these cases, and appear to extrapolate to ~ -50 °C at atmospheric pressure. Attempts were therefore made to obtain the X-ray diffraction patterns of the dense phases CsC104 IV and CsBF4 IV by cooling baritetype CsC104 III and CsBF4 III to liquid-nitrogen temperature at atmospheric pressure. The expected phase transitions did not occur, however, almost certainly due to the expected increased sluggishness of the transitions at lower temperatures. This result, however, suggested that the high-pressure phases, after being formed at high pressures and moderate temperatures, could be maintained by cooling to liquid-nitrogen temperatures before releasing pressure. This would make it possible to obtain the powder diffraction patterns of the high-pressure phases at atmospheric pressure.
Experimental
Cesium perchlorate and tetafluoroborate with stated purities of 99.9% and 99%, respectively, were obtained from the Research Organic/Inorganic Chemical Corporation of California.
The finely ground samples, contained in closed Teflon cups, were subjected to a pressure of ~15 kbar for ~45 minutes, in a piston-cylinder type apparatus and cooled to liquid-nitrogen temperature. The samples were kept at this temperature under pressure and pressure was then released while maintaining the samples at low temperature. The x-ray powder diffraction patterns of the products were obtained at 100 °K, using filtered MoKa radiation. The detailed experimental procedure has been described elsewhere 9 . Correction for film shrinkage was made by pre-spotting the photographic plates before development.
Results
The diffraction patterns of the recovered highpressure forms were completely different from those of the initial barite-type phases. The powder pattern of CsBF4 IV (Table I) (Table II) Similarly, a cell size of-835,9 A 3 can be expected for CsBF4 IV at 77 °K and atmospheric pressure, in It can therefore be accepted that the tetragonal indexing of the powder patterns of CsC104 IV and CsBF4 IV is the correct one, and the indexing of Tables I-II are given on this basis.
The space group is not unambiguously determined. The patterns obtained are consistent with D4h 5 -P4/mbm, C4v 2 -P4bm and D4d 7 -P4b2, but some less symmetrical space groups cannot be ruled out with certainty. The restrictions appear to be 0 hi and 0&0 present only when k even. To the authors' knowledge no similar cell has yet been reported for a related substance and so it appears to be a new structure type.
Discussion
It is probable that RbC104 III, RbBF4 III 4 , NH4C104 III, NH4BF4 VI 6 , T1C104 III and T1BF4 IV 7 all have the same structure as CsC104 IV and CSBF4 IV. The silver and potassium salts can be expected to transform to similar phases at pressures above 40 kbar.
The question still remains as to what this highpressure transition involves. The AB04 barite structure can be regarded as having heavily distorted octahedral cation A-cation B coordination. On this basis, the structure of CsC104 IV is expected to have a cation-cation coordination number near eight. These arguments neglect the cation-oxygen coordination, however, and this also is of primary importance in determining the density of a structure type. For large A and small B the densest AB04, structure so far known 13 is the scheelite type in which A is eight-coordinated with respect to oxygen and B is in a tetrahedral site. The tetragonal KA1F4-type, with K in eight-coordinated sites and Al in octahedral sites, together with its less symmetrical related super-structure types, may be even denser. Both these structure types have eightfold cationcation coordination. The molecular volume of CsC104 IV is 109.9 Ä 3 , while the molecular volume of scheelite-type CSS03F is as high as 111.2 Ä 3 14 in spite of the fact that the F~ ion is slightly smaller than the O 2-ion, and the S 6+ ion is also slightly smaller than the Cl 7+ ion 1 *. CsC104 IV would therefore appear to have a structure which is slightly more densely packed than that of scheelite, at least in the present range of ionic radii. Since the cell volumes of G3SO3F and CsC104 IV are so similar, one can expect the coordination to be closely the same in these two phases, with eightfold cation-cation coordination, the large cation in an eightfold site with respect to oxygen, and the smaller one in a tetrahedral site.
A transformation to a phase with the smaller cation also in an octahedral site, as in the KA1F4-type structure, cannot be expected to occur until extremely high pressures for cations as small as Cl 7 + or B 3+ .
